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ABSTRACT 

The A p o l l o  A p p l i c a t i o n s  Program may e e n t u a l l y  i n c l u d e  
s y n c h r o n o u s  and o t h e r  h i g h  a l t i t u d e  e a r t h  o r b i t a l  m i s s i o n s .  T h i s  
memorandum p r e s e n t s  t h e  p a y l o a d  c a p a b i l i t y  o f  t he  S a t u r n  V l a u n c h  
v e h i c l e  i n t o  c i r c u l a r  e a r t h  o r b i t s  w i t h  a l t i t u d e s  i n  t h e  r a n g e  o f  
1 9 , 0 0 0  nm t o  30 ,000  nm. The a s c e n t  mode u s e d  i s  a d i r e c t  a s c e n t  
i n t o  a Hohmann t r a n s f e r  e l l i p s e ,  c o a s t  to a p o g e e ,  and  c i r c u l a r i -  
z a t i o n  a t  t h e  a p o g e e .  A two-burn S-IVB i s  u s e d  to p r o v i d e  t h e  
i n j e c t i o n  i n t o  t h e  t r a n s f e r  e l l i p s e  and t h e  c i r c u l a r i z a t i o n .  

The S a t u r n  V l a u n c h  v e h i c l e  can d e l i v e r  large p a y l o a d s  
i n t o  h i g h  a l t i t u d e  o r b i t s .  A s  much as 81,500 l b s  c a n  be d e l i v e r e d  
i n t o  a 19 ,000  nm o r b i t ,  depend ing  upon t h e  S-IVB p r o p e l l a n t  w i t h -  
h e l d  f o r  f l i g h t  p e r f o r m a n c e  r e s e r v e s .  S i m i l a r l y ,  up to 74,700 
l b s  can  be  o r b i t e d  a t  an  a l t i t u d e  of  3 0 , 0 0 0  nm. These p a y l o a d s  
d e c r e a s e  a p p r o x i m a t e l y  1.1 l b s  f o r  e a c h  1 l b  o f  f l i g h t  p e r f o r m a n c e  
r e s e r v e  p r o p e l l a n t  c a r r i e d  i n  t h e  S-IVB. 

A new a p p r o a c h  i n  d e t e r m i n i n g  f l i g h t  p e r f o r m a n c e  r e s e r v e  
p r o p e l l a n t  i s  p r e s e n t e d .  By u s i n g  f l i g h t  p e r f o r m a n c e  r e s e r v e s  to 
i n s u r e  t h a t  t h e  l o w e s t  p o i n t  of t h e  a c h i e v e d  o r b i t  i s  above  some 
s p e c i f i e d  minimum a l t i t u d e ,  r a t h e r  t h a n  t o  i n s u r e  t h e  a t t a i n m e n t  
o f  some n o m i n a l  c i r c u l a r  o r b i t ,  t h e  p a y l o a d s  f o r  t h e  h i g h e r  a l t i -  
t u d e  m i s s i o n s  are  i n c r e a s e d .  The e f f e c t  o f  t h i s  a p p r o a c h  i s  to 
g i v e  a r e l a t i v e l y  c o n s t a n t  p a y l o a d  w i t h  i n c r e a s i n g  a l t i t u d e .  
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MEMORANDUM FOR FILE 

I .  I N T R O D U C T I O N  

The A p o l l o  A p p l i c a t i o n s  Program may i n c l u d e  e a r t h  
o r b i t a l  m i s s i o n s  a t  h i g h  a l t i t u d e s .  C u r r e n t  p l a n n i n g  i n c l u d e s  
a m i s s i o n  a t  s y n c h r o n o u s  a l t i t u d e  i n  t h e  e a r l y  1 9 7 0 ' ~ ~  a n d  w i t h  
p rog ram m a t u r i t y ,  h i g h  a l t i t u d e  m i s s i o n s  a t  o t h e r  t h a n  s y n c h r o n o u s  
a l t i t u d e  w i l l  r e c e i v e  c o n s i d e r a t i o n .  T h i s  memorandum r e p o r t s  t h e  
r e s u l t s  o f  a s t u d y  o f  t h e  S a t u r n  V p a y l o a d  c a p a b i l i t y  f o r  c i r c u l a r  
o r b i t s  w i t h  a l t i t u d e s  f rom a p p r o x i m a t e l y  1 9 , 0 0 0  n a u t i c a l  m i l e s  t o  
3O,OOO n a u t i c a l  m i l e s .  

11. DISCUSSION 

The a s c e n t  scheme used  i n  t h i s  s t u d y  i s  a d i r e c t  i n j e c t i o n  
i n t o  a Hohmann t r a n s f e r  o r b i t  n e a r  p e r i g e e ,  c o a s t  to a p o g e e ,  a n d  
c i r c u l a r i z a t i o n  a t  apogee .  The p e r i s e e  a l t i t u d e  i s  80 nm and  t h e  
apogee  a l t i t u d e  i s  c h o s e n  t o  be  t h e  des i r ed  c i r c u l a r  o r b i t  a l t i t u d e .  
A two-burn S-IVB i s  assumed to p r o v i d e  t h e  i n j e c t i o r ,  b u r n  i n t o  t h e  
t r a n s f e r  o r b i t  and  t h e  c i r c u l a r i z a t i o n  b u r n  a t  t h e  t r a n s f e r  o r b i t  
a p o g e e .  A computer  program c a p a b l e  o f  s i m u l a t i n g  t h i s  t y p e  o f  
a s c e n t  t r a j e c t o r y  a n d  o p t i m i z i n g  t h e  p a y l o a d  d e l i v e r e d  i n t o  t h e  
c i r c u l a r  o r b i t  was used  for t h e  t r a j e c t o r y  s i m u l a t i o n s .  1 

A .  Launch V e h i c l e  Model 

The l a u n c h  v e h i c l e  data u s e d  i n  t h i s  s t u d y  are  t h o s e  
e x p e c t e d  of  t h e  S a t u r n  V i n  t h e  t i m e  p e r i o d  o f  t h e  e a r l y  l u n a r  
l a n d i n g  m i s s i o n s .  High a l t i t u d e  m i s s i o n s  w i l l  o c c u r  c o n s i d e r a b l y  
l a t e r  t h a n  t h i s  and  some improvement i n  l a u n c h  v e h i c l e  p e r f o r m a n c e  
c a n  be  e x p e c t e d .  However, d a t a  i n  s u f f i c i e n t  d e t a i l  f o r  t r a j e c t o r y  
s i m u l a t i o n  p u r p o s e s  have  n o t  b e e n  r e p o r t e d  f o r  l a u n c h  v e h i c l e s  
a f t e r  t h o s e  s c h e d u l e d  f o r  t h e  e a r l y  l u n a r  l a n d i n g  m i s s i o n s .  

1. Launch V e h i c l e  Weight Data - Launch v e h i c l e  w e i g h t s  
were t a k e n  from t h e  da ta  r e p o r t e d  f o r  t h e  S a t u r n  V SA-506 l a u n c h  
v e h i c l e  i n  R e f e r e n c e  2 .  T h i s  d e t a i l e d  weight s t a t e m e n t  i s  sum- 
m a r i z e d  f o r  e a c h  s t a g e  i n  Appendix I .  The r e q u i r e d  compute r  
p rogram i n p u t s  are  t h e  t o t a l  l a u n c h  v e h i c l e  we igh t  a t  l i f t o f f ,  
S - I 1  i g n i t i o n ,  f i r s t  S - I V B  i g n i t i o n ,  and  S-IVB p r o p e l l a n t  d e p l e t i o n .  
These  v a l u e s  a re  t a b u l a t e d  below. 
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s - I C  

s-I c/s-I1 
I n t e r s t a g e  

s-I1 

S - I I /S - I VB 
I n t  e r s t  a g e  

S-IVB 

I U  

LE s 

TABLE I 

L A U N C E  VEHICLE WEIGHTS 

L i f t o f f  

4 ,949 ,400  

S-IVB 
s-I1 1st S-IVB P r o p e l l a n t  

I g n i t i o n  I s n i t  i on D e p l e t i o n  

14 ,170  1 4 , 1 7 0  

1 , 0 6 8 , 1 9 2  1 ,0659791  

7 , 645 7 , 6 4 5  

262 , 700 262 ,035  2 7 , 5 2 1  

4 , 1 6 6  4 , 1 6 6  4 , 1 6 6  4 , 1 6 6  

263 ,000  

8 ,579  8 , 5 7 9  

6 , 315,152 1 , 3 6 3 , 0 5 1  2 6 6 , 2 0 1  3 1 , 6 8 7  

The LES w e i g h t  i s  t h a t  e x p e c t e d  f o r  M i s s i o n  AS-506. 
r e q u i r e d  as i n p u t  d a t a  are  g i v e n  be low:  

O t h e r  w e i g h t s  

U s e a b l e  S-IC P r o p e l l a n t  4 ,598 ,260  

Useab le  S - I 1  P r o p e l l a n t  970 ,000  

Weight  Dropp e d I rnme d i  a t  e 1 y A f t  e r 
1st S-IVB C u t o f f  152 

Weight Dropped I m m e d i a t e l y  B e f o r e  

Weight Droppe d I mme d i  a t  e ly A f t  e r 

W e i g h t s  d r o p p e d  b e f o r e  o r  a f t e r  S-IVB b u r n s  c o n s i s t  o f  t h r u s t  
b u i l d u p  o r  decay  p r o p e l l a n t s  and  consumed APS p r o p e l l a n t s .  

2nd S-IVB I g n i t i o n  733 

2nd S-IVB C u t o f f  216 
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2 .  Launcb. Vehi.cle Propulsion Data - The launch vehicle 
3 propulsion data were based on the Saturn V AS-504 launch vehicle 

and are given below. 

Thrust Weight Rate Isp 
(Ibs)l (lbs/sec) (see 1 

s-IC ' ,7,664,150 2 8 , 8 3 2 . 5  
(Sea Level) 

s-I1 
(FR 4 . 8 7 6 )  
(D.IR 5 . 5 4 3 )  
(FIR 4 . 6 9 0 )  

1 , 0 2 4 , 1 2 1  
1 , 1 6 3 , 6 4 9  

9 5 3 , 6 9 5  

4 2 3 . 9 6 0  
4 2 5 . 1 4 3  
4 2 8 . 7 1 5  

S-IVB 2 3 3 , 3 4 7  4 2 5 . 2 8 0  

A non-propulsive S-IVB ver,t was assumed during the 
transfer orbit coast. 

B. Results 

1. Payloads Delivered into Circular Orbits - The results 
of the study are shown in Figure 1. Payload curves are shown for 
three values of S-IVB flight performance reserves. In each case, 
a 90-degree launch azimuth was used giving an orbital inclination 
of approximately 2 8 . 5  degrees. 

For the case of zero flight performance reserves, the 
launch vehicle payload varies from about 8 1 , 5 0 0  lbs at an altitude 
of l9,OOO nm to 7 4 , 7 0 0  lbs for an. altitude of 3 0 , 0 0 0  nm. If the 
flight performanee reserves are 3 , 0 0 0  lbs or 6 , 0 0 0  lbs, the corre- 
sponding payload decreases ere approximately 3 , 3 0 0  lbs and 6 , 6 0 0  lbs. 

Also shown in Figure 1 is the result of a trajectory 
simulaticn run made assuming a J-2s engine in the S-IVB and no 
flight performance reserves. The J-2s is an uprated version of 
the J - 2 ,  having a thrust of 2 6 5 , 0 0 0  lbs and a specific impulse of 
4 3 1 . 0  seconds. An increase in payload of approximately 2,000 lbs 
is realized with this engine in the S-IVB. 

2 .  Useage of the Flight Performance Reserves - Flight per- 
formance reserves (FPR) are required to offset sub-nominal launch 
vehicle performance. If there is no FPR allowance and the launch 
vehicle performance achieved during the powered flight is less than 
nominal, premature propellant depletion and thrust termination will 
occur during the circularization burn and the desired orbit will not 
be achieved. If adequate FPR propellant is available, the S-IVB 
stage can compensate for the launch vehicle sub-nominal performance 
by burning this additional propellant. As observed in Figure 1, the 
payload penalty incurred by allowing for FPR is appreciable. This 
penalty is approximately equal t o  1.1 times the FPR weight. 
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F i g u r e  2 shows the  e f f e c t  o f  an e a r l y  t h r u s t  t e r -  
m i n a t i o n  d u r i n q  t h e  c i r c u l a r i z a t i o n  b u r n .  The  v a r i a b l e  p l o t t e d  
on t h e  a b s c i s s a  i s  t h e  p e r i e e e  a l t i t u d e  r e s u l t i n g  f rom t h e  e a r l y  
t h r u s t  t e r m i n a t i o n .  The apogee o f  t h e  o r b i t  i s  eqGal  t o  t h e  
a l t i t u d e  o f  t h e  n o m i n a l  c i r c u l a r  o r b i t .  P l o t t e d  on t h e  o r d i n a t e  
a x i s  i s  t h e  p r o p e l l a n t  sho r t ae ; e  or a d d i t i o n a l  n r o D e l l a n t  which 
would be r e q u i r e d  t o  comple t e  t h e  c i r c u l a r i z a t i o n  b u r n  a t  t h e  
t ime o f  t h e  e a r l y  t h r u s t  t e r m i n a t i o n .  Normally t h e  PPR p r o v i d e s  
t h i s  a d d i t i o n a l  p r o p e l l a n t .  

C o n s i d e r  now a d e s i r e d  c i r c u l a r  o r b i t  m i s s i o n  a t  
an a l t i t u d e  o f  3 0 , 0 0 0  nm. Assume t h a t  an a n a l y s i s  o f  t h e  d e v i a t i o n s  
i n  l a u n c h  v e h i c l e  n a r a m e t e r s  and o t h e r  p e r t i n e n t  q u a n t i t i e s  
i n d i c a t e s  t h a t  a FPR a l l o w a n c e  o f  6,QOO l b s  i s  n e c e s s a r y  t o  i n s u r e  
a c i r c u l a r  orbit of  3 0 , 0 0 0  nm i n  t h e  e v e n t  of  sub-nominal  l a u n c h  
v e h i c l e  p e r f o r m a n c e .  A l s o ,  assume t h a t  t h e  minimum a c c e p t a b l e  
a l t i t u d e  due t o  t h e  r a d i a t i o n  e n v i r o n m e n t  and o t h e r  m i s s i o n  con- 
s t r a i n t s  i s  1 9 , 0 0 0  nm. Assuming no  FPR a l l o w a n c e ,  t h e  e a r l i e s t  
e x p e c t e d  t h r u s t  t e r m i n a t i o n  would r e s u l t  i n  a p r o D e l l a n t  s h o r t a g e  
o f  6 , 0 0 0  l b s  a n d ,  f rom F i g u r e  2 ,  would g i v e  an e l l i p t i c  o r b i t  
w i t h  a D e r i g e e  o f  2 0 , 0 0 0  nm and an  apogee  o f  3 0 , 0 0 0  nm, a n  
a c c e p t a b l e  o r b i t  w i t h  r e s p e c t  t o  t h e  m i s s i o n  c o n s t r a i n t s .  If t h e  
l a u n c h  v e h i c l e  p e r f o r m a n c e  were nomina l  or above  n o m i n a l ,  t h e  
d e s i r e d  30,000 nm c i r c u l a r  o r b i t  would be a c h i e v e d .  I f  t h e  l a u n c h  
v e h i c l e  p e r f o r m a n c e  were sub-nominal ,  t h e  p e r i g e e  a l t i t u d e  would 
be i n  t h e  r a n g e  o f  2 0 , 0 0 0  nm t o  3 0 , 0 0 0  nm b u t  v e r y  l i k e l y  much 
c l o s e r  t o  t h e  i n t e n d e d  3 0 , 0 0 0  nm. An i n c r e a s e  i n  p a y l o a d  o f  a b o u t  
6 , 6 0 0  l b s  i s  a c h i e v e d  by n o t  a l l o w i n g  f o r  PPR i n  exchange  f o r  t h e  
acceptab le  r i s k  o f  a c h i e v i n g  a s l i g h t l y  e l l i p t i c  o r b i t .  

I f  t h e  nomina l  c i r c u l a r  o r b i t  a l t i t u d e  were 2 6 , 0 0 0  nm, 
a s i m i l a r  s i t u a t i o n  e x i s t s .  The FPE t h a t  would b e  r e q u i r e d  t o  
i n s u r e  a 2 6 , 0 0 0  nm c i r c u l a r  o r b i t  i n  t h e  e v e n t  o f  an e a r l y  t h r u s t  
t e r m i n a t i o n ,  would p r o b a b l y  b e  s l i q h t l y  l e s s  t h a n  i n  t h e  p r e v i o u s  
example  and  i s  assumed t o  be 5 ,800  l b s .  With no FPR a l l o w a n c e ,  
t h e  e a r l i e s t  e x p e c t e d  t h r u s t  t e r m i n a t i o n  would r e s u l t  i n  a pro- 
p e l l a n t  s h o r t a g e  o f  5 , 8 0 0  l b s  and  f rom F i g u r e  2 t h e  p e r i q e e  
a l t i t u d e  would b e  1 7 , 9 5 0  nm. T h i s  i s  t o o  low and s u f f i c i e n t  FPR 
must  be  a v a i l a b l e  t o  i n s u r e  t h a t  t h e  Deriqee a l t i t u d e  i s  a t  l e a s t  
1 9 , 0 0 0  nm. From F i g u r e  2 ,  i t  i s  s e e n  t h a t  a p r o p e l l a n t  s h o r t a g e  
o f  4 , 8 0 0  l b s  r e s u l t s  i n  a pe r igee  of  1 9 , 0 0 0  nm. T h e r e f o r e ,  a 
FPR a l l o w a n c e  o f  1 , 0 0 0  l b s  i s  t h e  minimum r e q u i r e d .  D e c r e a s i n g  
t h e  FPR f r o m  5 ,800  l b s  t o  1,000 lbs g i v e s  a n  increase  i n  p a y l o a d  
o f  5 , 2 8 0  l b s .  

I f  t h e  d e s i r e d  c i r c u l a r  o r b i t  a l t i t u d e  i s  1 9 , 0 0 0  nm, 
t h e n  no  r e d u c t i o n  i n  FPR i s  p e r m i s s a b l e .  To be c o n s i s t e n t  w i t h  
t h e  p r e v i o u s  assumed v a l u e s  o f  FPR, t h e  FPR for t h i s  c a s e  i s  t a k e n  
as 5 , 4 5 0  lbs and t h e  c o r r e s p o n d i n g  p a y l o a d  i s  75,000 l b s .  The 
v a l u e s  u s e d  f o r  FPR i n  t h e  p r e v i o u s  examples  are  g r o s s  es t imates  
u s e d  f o r  i l l u s t r a t i v e  p u r p o s e s  o n l y .  
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The e f f e c t  o f  t h i s  FPR u s e a g e  p h i l o s o p h y  i s  to l e v e l  
o u t  t h e  c u r v e  of p a y l o a d  v s .  a l t i t u d e  as i n d i c a t e d  i n  t h e  t a b l e  
be low.  The da ta  i n  t h i s  t a b l e  are based  on t h e  assumed c o n s t r a i n t s  
u s e d  i n  t h e  p r e c e d i n g  examples .  

Nominal  
C i r c u l a r  
O r b i t  
A l t i t u d e  

nm 

30,000 

26,000 

22,000 

19,000 

FPR Al lowance  t o  I n s u r e  
a C i r c u l a r  O r b i t  

Assumed 
FPR Pay load  
l b s  l b s  

6 ,OQO 68 ,100  

5,800 69,820 

5,450 75,500 

FPR Allowance  t o  I n s u r e  
a Minimum P e r i g e e  A l t i t u d e  

< l9,OOO nm - 

FPR 
l b s  

n 

1,000 

3 ,300  

5,450 

P a y l o a d  
l b s  

74,790 

75,100 

75,270 

75,590 

A s  t h e  a l t i t u d e  i s  i n c r e a s e d  f rom 1 9 , 0 0 0  t o  30 ,000  nms, t h e  p a y l o a d  
d e c r e a s e s  o n l y  ROO l b s  compared w i t h  a p a y l o a d  d e c r e a s e  o f  7 , 4 0 0  
l b s  when t h e  c o n v e n t i o n a l  p h i l o s o p h y  o f  PPR u s e a g e  i s  u s e d .  I n  
e x c h a n g e  f o r  t h e  i n c r e a s e d  p a y l o a d s  f o r  t h e  m i s s i o n s  a t  t h e  h i g h e r  
a l t i t u d e s ,  t h e  r i s k  o f  s l i g h t l y  e l l i p t i c  o r b i t s  must  be  a c c e p t e d .  
However,  t h e  p e r i g e e  of  t h i s  o r b i t  w i l l  p r o b a b l y  n o t  v a r y  marked1:y 
f r o m  t h e  i n t e n d e d  c i r c u l a r  o r b i t  a l t i t u d e  and  o n l y  t h e n  i f  t h e  
l a u n c h  v e h i c l e  p e r f o r m a n c e  i s  sub -nomina l ,  r a t h e r  t h a n  n o m i n a l  or 
above  n o m i n a l .  

C .  Launch V e h i c l e  M o d i f i c a t i o n s  

The m o d i f i c a t i o n s  t o  t h e  S-IVR s t a q e  t o  a c c o m p l i s h  t h i s  
m i s s i o n  are  (1) t h e  r e l o c a t i o n  o f  t h e  LH2 b a f f l e  and  (2) t h e  
a d d i t i o n  of a b a t t e r y  and  c a b l e .  
i s  n e c e s s a r y  b e c a u s e  t h e  p r o p e l l a n t  l e v e l  a t  S-IVB r e s t a r t  i s  
d i f f e r e n t  f rom t h e  p r o p e l l a n t  l e v e l  a t  r e s t a r t  i n  a LOR m i s s i o n .  
T h e s e  m o d i f i c a t i o n s  a r e  e s t i m a t e d  by MSFC t o  r e s u l t  i n  a w e i g h t  
i n c r e a s e  o f  a b o u t  100  l b s  i n  t h e  S-IVR s t a g e . 4  
m i s s i o n s  m a y  d i c t a t e  some a d d i t i o n a l  m o d i f i c a t i o n s  t o  i n c r e a s e  t h e  
I U  l i f e t i m e .  The c u r r e n t  es t imate  o f  T U  l i f e t i m e  i s  a b o u t  7.5 
h o u r s .  For n o m i n a l  c i r c u l a r  o r b i t s  above  26,000 nm, t h e  m i s s i o n  
t i m e  a t  S-IVB i g n i t i o n  f o r  t h e  c i r c u l a r i z a t i o n  b u r n  i s  g r e a t e r  t h a n  
7.5 h o u r s .  I f  t h e  I U  l i f e t i m e  e x t e n s i o n  m o d i f i c a t i o n  i s  n e c e s s a r y ,  
t h e  a s s o c i a t e d  w e i g h t  p e n a l t y  i s  es t imated to be r e l a t i v e l y  small 
compared w i t h  t h e  t o t a l  p a y l o a d  w e i q h t s .  

The r e l o c a t i o n  of t h e  LH2 b a f f l e  

The h i g h e r  a l t i t u d e  
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111. CONCLUSIONS 

The S a t u r n  V l a u n c h  v e h i c l e  i s  c a p a b l e  o f  p l a c i n g  
l a r g e  p a y l o a d s  i n  h i g h  a l t i t u d e  o r b i t s  w i t h  o n l y  m i n o r  m o d i f i -  
c a t i o n s .  The l a u n c h  v e h i c l e  p a y l o a d s  v a r y  from 81,500 l b s  i n t o  
a 1 9 , 0 0 0  nm c i r c u l a r  o r b i t  to 7 4 , 7 0 0  l b s  i n t o  a 30,000 nm 
a l t i t u d e ,  a s suming  n o  f l i g h t  p e r f o r m a n c e  r e s e r v e s .  Making an  
a l l o w a n c e  f o r  f 1 i e ; h t  p r o p e l l a n t  r e s e r v e s  d e c r e a s e s  t hese  pay-  
l o a d s  by a p p r o x i m a t e l y  1.1 l b s  f o r  e v e r y  1 l b  o f  f l i g h t  p e r -  
fo rmance  r e s e r v e s .  

By m o d i f y i n ?  t h e  ph i losoDhy  o f  u s e a g e  o f  f l i g h t  
p e r f o r m a n c e  r e s e r v e s ,  a d d i t i o n a l  p a y l o a d  can  be  r e a l i z e d .  I f  
s u f f i c i e n t  f l i q h t  n e r f o r m a n c e  r e s e r v e s  a r e  r e q u i r e d  t o  i n s u r e  
t h a t  t h e  minimum a l t i t u d e  o f  t h e  f i n a l  o r b i t  i s  e r e a t e r  t h a n  
some s p e c i f i e d  v a l u e ,  o n l y  a D o r t i o n  o f  t h e  p r e s e n t l y  es t imated  
f l i g h t  p e r f o r m a n c e  r e s e r v e s  need  be c a r r i e d ,  w i t h  a r e s u l t i n q  
i n c r e a s e  i n  n a y l o a d .  The f i n a l  o r b i t  for t h i s  c a s e  may b e  
e l l i p t i c  i n  t h e  e v e n t  o f  sub -nor i ina l  l a u n c h  v e h i c l e  p e r f o r m a n c e ,  
b u t  f o r  t h e  r a n g e  o f  a l t i t u d e s  c o n s i d e r e d  h e r e ,  s u c h  a n  o r b i t  
may s t i l l  b e  a c c e p t a b l e  f o r  t h e  m i s s i o n .  T h i s  aDnroach b e n e f i t s  
t h e  h i g h e r  a l t i t u d e  m i s s i o n s  more t h a n  t h e  l o w e r  a l t i t u d e  
m i s s i o n s  and t e n d s  t o  l e v e l  o u t  t h e  p a y l o a d  v s .  a l t i t u d e  c u r v e .  

On t h e  b a s i s  o f  one t r a j e c t o r y  s i m u l a t i o n  r u n  u s i n g  
t h e  J-2s e n g i n e  i n  t h e  S- IVB s t a g e  o n l y ,  a p a y l o a d  improvement  
o f  a p p r o x i m a t e l y  2 , 0 0 0  l b s  can be  exDec ted  f o r  h i y h  a l t i t u d e  
m i s s i o n s .  

1021-PHW-dcs P .  H .  Whirsple 
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Appendix I 

The  l a u n c h  v e h i c l e  w e i g h t s  u sed  i n  t n e  t r a j e c t o r y  
s i m u l a t i o n s  were t a k e n  from da ta  r e p o r t e d  for t h e  S a t u r n  V 
SA-506 l a u n c h  v e h i c l e  i n  R e f e r e n c e  2. 

The w e i g h t  breakdown o f  t h e  S-IC s t a g e  i s  summarized. 
be low.  

D r y  S-IC S t a g e  
Res i c ' ua l  P r o p e l l a n t  

S e p a r a t i o n  Weight 

287,824 
53,686 
341,510 

T h r u s t  Pe c a y  P rop  e 1 l a n t  8,948 
S-IC C u t o f f  Weight 350,458 

A v a i l a b l e  P r o p e l l a n t  4,598,260 
S e r v i c e  Items Expended 

Dur ing  S- IC  Burn 
S-IC L i f t o f f  Weight 

682 
4,949,400 

T h i s  S-IC l i f t o f f  we igh t  i s  a f t e r  t h r u s t  b u i l d u p  a n d  t h e  t h r u s t  
b u i l d u p  p r o p e l l a n t s  a r e  n o t  i n c l u d e d  i n  t h e  a v a i l a b l e  p r o p e l -  
l a n t  o r  t h e  s-IC l i f t o f f  w e i g h t .  For t h e  t r a j e c t o r y  s i m u l a -  
t i o n s ,  t h e  s e r v i c e  i t ems  and  t h r u s t  d e c a y  p r o p e l l a r i t s  a r e  
assumed t o  b e  j e t t i s o n e d  a t  S-IC c u t o f f  and t h e  S-IC s e p a r a t i o n  
w e i g h t  was changed  to a c c o u n t  f o r  t h i s .  

The S-I1 s t a g e  we igh t  breakdown i s  as f o l l o w s :  

Dry S - I 1  S t a g e  
R e s i d u a l s  

S e p a r a t i o n  Weight 
T h r u s t  Decay P r o p e l l a n t  

S - I 1  C u t o f f  Weight 
A v a i l a b l e  P r o p e l l a n t  
T h r u s t  Bu i ldup  P r o p e l l a n t  

S - I 1  I g n i t i o n  Weight 
L o s s e s  I n c u r r e d  Dur ing  t h e  
S-IC Burn 

82,52b 
12,907 
95,431 

360 
95,791 
970,000 
1,831 

1,067,622 

570 
1,068,192 S- I1  Weight a t  L i f t o f f  



B E L L C O M M ,  INC. A - 2  

The l o s s e s  i n c u r r e d  d u r i n g  t h e  S-IC b u r n  a r e  f r o s t  a n d  p u r g e  
g a s .  For s i m u l a t i o n  p u r p o s e s ,  t h e s e  a n d  t h e  t h r u s t  b u i l d u p  
p r o p e l l a n t s  a re  assumed to b e  j e t t i s o n e d  w i t h  t h e  s p e n t  S-IC 
s t a g e .  The t h r u s t  d e c a y  p r o p e l l a n t  i s  assumed to b e  j e t -  
t i s o n e d  w i t h  t h e  s p e n t  s-I1 s t a g e .  

The S-IVB s t a g e  w e i g h t  breakdown g i v e n  i n  R e f e r e n c e  
2 for a n  LOR m i s s i o n  i s  as f o l l o w s :  

Dry S-IVB Weight a t  S e p a r a t i o n  
R e s i d u a l s  

S e p a r a t i o n  Keight 

T h r u s t  Decay P r o p e l l a n t  
2nd S u r n  C u t o f f  Weight 
2nd Burn  P r o p e l l a n t  

T h r u s t  Bui ldup  P r o p e l l a n t  
2nd Burn  I g n i t i o n  Weight  

EPO L o s s e s  
T h r u s t  Decay P r o p e l l a n t  

1s t  Burn Cutoff Weight 
1st Burn P r o p e l l a n t  
T h r u s t  B u i l d u p  P r o p e l l a n t  

a n d  U l l a g e  Losses 
1st Burn I g n i t i o n  Weight  
L o s s e s  P r i o r  t o  1st I g n i t i o n  
S-IVB Weight  a t  L i f t o f f  

2 4 , 5 7 9  
2 , 8 4 2  

2 7 , 4 2 1  
1 7 4  

2 7 , 5 9 5  
1 5 9 , 1 7 1  

364 
187 ,130  

3 , 8 6 9  
94  

1 9 1 , 0 9 3  
70 ,842  

529 

262,464 
436 

262 ,900 

I n c l u d e d  i n  t h i s  w e i g h t  a r e  236 ,843  l b s  o f  c r y o g e n i c  p r o -  
p e l l a n t s .  T h i s  i n c l u d e s  229,953 l b s  f o r  t h e  ma in  p r o p u l s i o n  
b u r n s  a n d  3 ,460  l b s  f o r  b o i l o f f  i n  e a r t h  p a r k i n g  o r b i t .  For 
u s e  i n  t h e  compute r  program, t h e s e  q u a n t i t i e s  werJe combined .  
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